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• What are CERES and the EBAF & SYN1deg data products? 
 

• How do we validate our products using BSRN data? 
 

• Describe a study determining sensitivity of uncertainty 
(RMS) to spatial variability of surface sites. (Try to 
estimate global uncertainties at the surface.) 

 
(All biases are based on Calculation – Observation) 
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Surface Validation:  

What are we validating? 
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Clouds & the Earth’s Radiant Energy System 

       (CERES)                    (https://ceres.larc.nasa.gov/) 

SYN1Deg Validation Page: 

  https://ceres-tool.larc.nasa.gov/cave/jsp/CAVESelection.jsp. 

Information on Surface Sites Used & SYN1deg radiative transfer:  

  http://www-cave.larc.nasa.gov 

CERES  

Product 

 

Spatial 

Resolution 

Temporal 

Resolution 

 

Vertical 

Resolution 
Available 

SYN1deg  

Edition 

3(4) 

Global 

1°×1° 

3(1)-hour, 

Daily,  

Monthly 

Mean 

5 levels (hPa)  

TOA, surface, 

500, 200, 70 

Mar 2000 

Thru  

Feb 2016 

Broadband scanning radiometers 

• On NASA TRMM, Terra, Aqua,  

  NOAA Suomi NPP and JPSS1 

• Radiance in three broad bands 

 

 
 Channel Wavelengths 

Shortwave 0.2 - 5 μm 

Total 0.2 – 100 μm 

Window ~8 - 12 μm 

Longwave Total - Shortwave 

• Radiance is converted to irradiance using scene dependent   

   Anisotropic Directional Models (ADMs) 

•A CERES ‘footprint’ is approximately 30km at the surface for 

         instrument nadir. 
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 SYN1Deg 
TOA CERES Observations &  

Column Fluxes from Radiative Transfer Calculations 

• Global;  Gridded (1˚x1˚);  Hourly (Monthly) 

• Upward & Downward irradiances provided at: 

• 6 Levels (TOA, 70, 200, 500, 850 hPa and Earth’s surface) 

 

• Clouds:  Terra/Aqua MODIS Imagers, Geostationary imagers 

• Atmosphere (P, T, q): GMAO GEOS5.4.1 

• Aerosol: MODIS AOD assimilated by MATCH Chemical Trans Model 

• Langley Fu & Liou Radiative Transfer Model 

 

SW Surface Down (Daily Avg) LW Surface Down (Daily Avg) 
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EBAF TOA; EBAF-Surface 
Provides TOA Observations & Surface RT Calculations 

• Global;  Gridded (1˚x1˚);  Monthly Mean 

• Upward & Downward irradiances at: 

• 2 Levels (TOA, Earth’s surface) 

 SW Surface Down (Monthly Avg) LW Surface Down (Monthly Avg) 

• TOA Observed CERES: “Balanced” by Ocean Heat storage 

• “Filled” Clear sky by converting MODIS narrowband to broadband 

• Surface irradiance is matched to TOA to balance over time 
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BSRN provides the backbone of our results. 

• Key - established calibration requirements. 

 

          Land Site 
          Buoy  
          Ship Track 
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SYN1Deg 
https://ceres-tool.larc.nasa.gov/cave/jsp/CAVE4Selection.jsp 

 
EBAF-Surface  

https://ceres-tool.larc.nasa.gov/cave/jsp/CAVEEBAF4Selection.jsp 
 

Surface Validation:  

Web-Tool 
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A Note on Data Citation: 
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Surface Validation:  

Results 
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Hourly 

Monthly 

Land 

Land 

Buoy 

Buoy 

Longwave Surface Irradiance Down (SYN1Deg Ed4)  
(2000/02 - 2016/12) 
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Shortwave Surface Irradiance Down (SYN1Deg Ed4)  
(2000/02 - 2016/12) 

Hourly 

Monthly 

Land 

Land 

Buoy 

Buoy 
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Surface Irradiance Down (EBAF-Surface Ed4)  
Land Sites  (2000/02 - 2016/12) 
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Surface Irradiance Down EBAF-Surface Ed4  
Buoys  (2000/02 - 2016/12) 
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Red:                Positive Bias 
White:            Negative Bias 
Open Circle : Bias > 32Wm-2 

A Word (?) About Buoys 

SW Surface Bias (EBAF-Obs) 

Foltz et al. (2013) established these 
errors due to dust accumulation on 
radiometers. 

 “B” in BSRN is: 
   Baseline: a specific value or values that can serve as a comparison or control. 
  

       Can BSRN establish a quality baseline for buoys?  
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Surface Validation:  

Spatial Uncertainty Analysis 

 
(Not spatial representativeness in a grid box; 

but how does uncertainty change as we aggregate 

groups of sites over large areas?) 
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EBAF Avg 

Mean 168 169 

Bias 3 3 

RMS 12 4 

N 661 192 

EBAF Avg 

Mean 308 309 

Bias -2 -2 

RMS 9 3 

N 1283 192 

SURFRAD Sites 

Antarctic Sites 
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∆𝐹𝑖𝑙(𝐾) = ∆𝐹𝑖𝑙(𝑐𝑎𝑙𝑐)(𝐾) − ∆𝐹𝑖𝑙(𝑜𝑏𝑠)(𝐾) 
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(𝑥 = 100 𝑟𝑒𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑠) 

Calculate RMS over larger and larger groups of 
sites; randomly selecting groups 100 times. 

Do land and buoy 
sites separately. 

Total Sites = 36 

When K = 4 (# of sites per group) 

Then L = 9 (# of groups) 

N = # of months 

Replicate 100 Times (no Duplication) 
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Figure	15:	Root	–mean-square	(RMS)	difference	of	computed	and	observed	
monthly	mean	downward	shortwave	(left)	and	longwave	(right)	irradiances	as	a	
function	of	number	of	sets	of	computed	and	observed	monthly	mean	irradiances	
used	to	compute	monthly	mean	differences	(K	in	Eq.	11)	for	ocean	(closed	blue	
circles)	and	land	(closed	red	circles).	Solid	lines	are	derived	by	fitting	closed	circles	
by	Eq.	(12).		
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Number of sites per group (K) Number of sites per group (K) 

𝐹𝑥,𝑅𝑀𝑆(𝐾)
2 = ∆𝐹𝑥,𝑏𝑖𝑎𝑠

2 +
∆𝐹𝑥,𝑟𝑎𝑛𝑑𝑜𝑚
2

𝐾
 

Plot RMS as a function of increasing group size. 

Land (Wm-2) Buoy (Wm-2) 

Shortwave Longwave Shortwave  Longwave 

∆𝐹𝑥,𝑏𝑖𝑎𝑠
2  3.2 3.1 7.3 4.2 

∆𝐹𝑥,𝑟𝑎𝑛𝑑𝑜𝑚
2  9.6 7.9 5.4 2.0 

Shortwave Longwave 
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Summary 

https://ceres-tool.larc.nasa.gov/ord-tool 

CERES EBAF & SYN1Deg along with surface 
observation can still be accessed at: 

BSRN data serves as the base upon which most of our     
 validation and uncertainty analysis rests. 

 It would be beneficial to have a baseline criteria for use 
 of buoy data in validation processes. 

Uncertainty due to spatial variability in our surface 
 validation sites shows:  
Decrease is rapid for the land indicates higher spatial 

 variability for these sites 

Slower over ocean buoys:   
Sites are primarily in tropics, less spatial variability in general 

Fewer site with continuous time series adds to less reliable relationship. 
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Thank all the site scientists and  
staff for all the hard work! 


